Abstract-In this paper a new evolutionary computing method based on Imperialist Competitive Algorithm (ICA) is used for tuning the elements of a PID controller which is applied in a Multi Area Load Frequency Control System (MA-LFC). If a large power imbalance is suddenly happened in a multi area power electric system, generation units and also consumer sides will be affected by the distortion in the energy balance between both two sides. This inequality is firstly handled by the kinetic energy of the system turning components, but, eventually, the frequency will change. Therefore, LFC is considered as one of the most challenging issues in power system control and operation. 
I. INTRODUCTION
Increase in the size of electric power networks, especially the systems with interconnected areas is caused to consider the load frequency control as a critical factor. The main objective of a LFC system is assured that the system frequency of each area and also the inter-area tie power is in tolerable limits to deal with the fluctuation of load demands and system disturbances. These important functions are delegated to LFC due to the fact that a well-designed power system should keep voltage and frequency in scheduled range while providing an acceptable level of power quality. A wide variety of different advanced control techniques have already been proposed in the literature for the LFC. An adaptive decentralized control system has been applied to deal with the MA-LFC power systems [1] . In another technique, the capabilities of the robust control patterns have been used for resolving the LFC problems in [2] . The applications of Artificial Intelligent (AI) such as ANN, GA, FL and optimal control methods to solve the LFC problem have been reported in [3] . The AI methods are aimed to improve the performance but they can make some extra problems in practice because of their needs to have reliable data and information to realize the state of the system or at least a device to work efficiently as an online identifier [4] . Meanwhile, PID control scheme has been considered as a reliable and applicable solution for the LFC because of its ease of use and also its robustness. References [5] proposed Fuzzy -PI controllers which can be solved the LFC problems for a large power systems efficiently; [6] [7] presented a robust technique to determine the optimum values of a PID controller for the LFC in a single area power network by using particle swarm optimization (PSO); the method is applied to a multi area power system network case as well [8] [9] [10] . It is revealed that the obtained PID values need some adjustments to have optimum and desired performance [11] . However, the main reasons for such adjustments are not proven yet.
In this paper, ICA is applied to adjust the parameters of a PID controller for the MA-LFC system. Integral of the Time multiplied Absolute value of the Error (ITAE) is chosen as the performance index. The controller designed by ICA is compared with one of the GA method. The simulation results revealed that ICA which has been proposed in this paper as an efficient technique for designing a PID controller in a multiarea power network, has a better convergence rate than GA one. Furthermore, the ICA-PID controller shows robust control performance in deal with system uncertainties and also under different operating conditions. The remainder of the paper is organized in for sections as follows. The system under study and its steady state parameters are described in Section II. The methodology for solving the LFC problem is developed in Section III and in Section IV, the PID controller tuning by using ICA is presented. Finally the results and discussions are discussed in Section V.
II. SYSTEM MODEL
In this study, the test system is a multi-area electric power system network with four areas which is shown in Figure. Each area has its own block diagram which is depicted in Figure. 2 [12] .
In Figure 1 . The parameters for the test system are: Ai = Area ith P t i, j = P i, j: Inter area tie power from i area to j area where: i= 1,2,3,4 j=1, 2, 3, 4 and i j An area of the system which is consisted of the control blocks is shown in Figure 2 as the block diagram.
The parameters for the model which is shown in Figure 2 The tie power interchange for inter-areas is given by [12] :
where: T 377 (1 X ij) (for a 60HZ system) X ij: Impedance of the transmission line (areas ith and jth)
The ∆P ij and its parts is illustrated in Fig. 3 [12] .
The state space representation of a multi-area interconnected power network which is consisted of four areas is [12] : { (2) where:
The matrices A and B which are used in (2) and also the nominal values of the system parameters which are needed for the nominal operating condition are given in [12] .
III. DESIGN METHODOLOGY
As mentioned in the first section, a PID controller is considered as a reliable an applicable solution for the MA-LFC problem. ICA is used to obtain the Parameters of this PID controller. The structure of the PID controllers which is defined in (3) is formed by three parameters.
K P , K I and K D which are the PID controller parameters are obtained by using the ICA. In the next section a brief discussion about ICA is presented. X =AX+BU Y=CX
A. Imperialist Competitive Algorithm
Imperialist competitive algorithm is one of the newest optimization algorithms which are formulated [13] . ICA, like the former evolutionary algorithms which have been designed, inaugurates with a primary population over the search space. In this algorithm, the population consists of parts which are called "Countries". This part is defined as an array. If the dimension of the optimization problem is defined as Nvar, a country will be considered as a 1×Nvar array which is given by [9] :
where y i 's define as the variables which need to be tuned by an optimization algorithm. Like the other optimization algorithms, the heart of ICA is to compute the cost of each country by using the objective function "f " which is unique for any problem. The cost of this function should be found at variables y i' s, therefore the cost is defined by [13] :
Power of each country originates from the cost of that country so that the least cost is equal to most power. The countries based on their costs are characterized as two main groups: imperialists and colonies. The imperialists are different due to their own power and also the number and the power of their colonies. If they have more colonies it means that they are more powerful. The more power full imperialists are the solution of the optimization problem with the lowest cost. This concept is shown in Figure 4 .
Competition among the Imperialists is the heart of this algorithm. During the competition, two main operations should be done. The first one which is an inherent function for all imperialists is that they try to seize more colonies to increase their power. In fact, during the competition process the weakest imperialists will be disintegrated and their colonies will be captivated by the more powerful imperialists. The second operation is called "Assimilation" which means that the colonies head toward their related imperialists:
Where, x is a random variable with uniform (or any proper) distribution, β is a number greater than 1 and d is the distance between the colony and the imperialist state. Sometimes assimilation will be the reason for an exchanging among the colony and its imperialist. It means that the colony has more power in compare to its imperialist and the colony is eligible to be promoted to the position of the imperialist.
ICA has two other operators, Revolution and Imperialist Competition, which have a key role in its optimization process. Revolution is defined as a change in the position of some of the colonies randomly. This operator is aimed to improve the exploration of the algorithm and prevent it to fall in to the local minimum. The probability of revolution is assumed to be between 0.03 and 0.4. The Imperialist Competition operator is aimed to captivate more colonies from the most overthrown empire which is collapsed and offer the colonies to the most powerful empire on the basis of the ownership and managerial abilities which is known and determined by the total power of each empire during the competition process.
The assimilating operation, revolution and competition process cause a reduction in the quantity of countries and lead to converge to the only one position which is the most powerful imperialist. In this phase, the unification of the imperialist and its colonies is made and indicates the best solution of the optimization problem [13] .
The steps for the proposed algorithm in this paper can be shown as follow:
Step1) Initialize the empires by selecting some points on the function randomly. Step2) Assimilating by heading the colonies toward their related imperialist. Step3) Exchanging the position of the colony which has the lower cost in compare to its related imperialist. Step4) Computing of the total cost of all empires which is based on the power of the imperialists and the number and power of their colonies. Step5) Do the Imperialist Competition by selecting the weakest colonies from the most overthrown empire and assign them to the empire which is the best to have it.
Step 6) Eliminating the weakest empires.
Step 7) Checking the Number of the empires. If there is just one empire, discontinue, if not go to 2. Figure 4 . The Imperialists and Their colonies [13] .
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IV. ICA-PID
The PID controllers which have been mentioned above are modified by using ICA in this section. The PID controllers have three parameters which are symbolized by KP, KI and KD .There is one PID controller for each area hence there are four PID controllers in four areas electric power system and 12 parameters which are tuned. These parameters are obtained by using ICA. The main controllers which exemplified as Gi in Figure 2 are replaced by PID control structures given in (3) and then the best values for PID parameters which are KP, KI and KD are obtained by using ICA. The first step in all optimization methods is to determine a well-defined performance index (objective function or cost function) to begin and continue the search process. Here, the Integral of the Time multiplied Absolute value of the Error (ITAE) is considered as the performance index due to the fact that systems which have been designed based on ITAE show negligible overshoots along with very well-damped oscillations. ITAE is defined as (7) for this study:
where the "t" is the considered time for simulation. It is obvious from the control and optimization facts that the PID control structures with the lowest ITAE show more reliable and desirable operation in compare with the other PID controllers which are used in a system. To obtain the optimal values for the PID control structures, a 10 % step change in ∆P D is supposed to exert and then ITAE is minimized by using ICA. The parameters of ICA are shown in Table I . It should be noted that the optimal values which are shown in Table II , are the best values which are selected after several running of ICA. The optimal values of the PID controller which are KP, KI and KD are acquired by using ICA and shown in the Table II. The recommended ICA-PID control scheme is exerted to the network to solve the MA-LFC problem. For doing the comparison and to illuminate the effectiveness of the ICA-PID controller, another PID control structure which is tuned by the GA is designed and applied to the system. The optimal values of the GA-PID controller are computed by GA and shown in the Table III. To study and analysis of the controller robustness and the system response to the uncertainties, three different operating conditions are assumed as follow: Tables 3-4 . It is clear from Table IV that the performance index for the ICA-PID controller, in the nominal operating condition, is 82 % less than the performance index for the GA-PID controller. In addition, for the heavy and very heavy operating conditions the ICA-PID controller shows better performance index. In Table V , it is mentioned that the ICA-PID controller, in the nominal operating condition, shows the minimum of the ITAE which is 0.0156; this value is 14.7 % less than the ITAE for the GA-PID controller in the same condition. Furthermore, the ICA-PID controller has the better performance index in compare with the GA-PID controller in the heavy and very heavy operating conditions for 5%
Step increase in demand of the1st area (ΔP D1 ) and 10% step increase in demand of the 3rd area. In Table IV -V, it is obvious that the ICA-PID control scheme has more desirable and reliable performance in compare with GA-PID control structure under all operating conditions. Table IV . 5% Step increase in of the 1st area (ΔP D1 ) The ∆ is shown in "pu" in Figure 6 at normal, serious and hazardous operating conditions for 10 % step change in ∆P D which is the demand of 1st area. It is obvious that the ICA-PID control scheme has more desirable and reliable operation in compare to the GA-PID control system under all operating conditions. In this paper a PID control scheme which is tuned by the ICA has been successfully suggested for the MA-LFC problem. The recommended algorithm was used to a classic four-area electric power network including system uncertainties as well as different loads condition. Simulation results verified that the PID controllers which are tuned using ICA capable to warranty the robustness of stability and operation under a wide range of uncertainties and various states of system and load. Moreover, the simulation results confirmed that the ICA-PID control system is fairly strong to changes in the parameters of the systems and it shows more desirable and reliable performance in compare with the GA-PID type controller under three main operating conditions. The PID controller is widely used in practical systems; therefore the paper's results can be applied for the practical MA-LFC systems. 
